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Objectives. This study sought o determine the rate of referral 
to cardiac atheterization i men and women early after nuclear 
testing as a function of the magnitude of myocardial ischemia by 
radionuclide perfusion imaging. 
Background. Although many previous studies have suggested 
that gender-related differences are present in the clinical manage- 
ment of coronary artery disease, the presence of such a difference 
with respect to referral to catheterization after noninvasive t sting 
is disputed. 
Methods. We examined 3,211 consecutive patients (1,074 
women, 2,137 men) who underwent exercise dual-isotope single- 
photon emission computed tomography and had follow-up evalu- 
ation performed at least 1 year after nuclear testing (mean [-+ SD] 
follow-up 19 ± 5 months) for "hard" events (cardiac death and 
myocardial infarction) and referral to cardiac atheterization r 
revascularization within 60 days of nuclear testing. Multiple 
logistic regression analysis was performed to determine the best 
predictors of referral to catheterization as well as to examine 
whether gender itself added further information to this model. 
Results. Although men were referred to catheterization more 
frequently than women (10.6% vs. 7.1%, p < 0.001) early after 
exercise nuclear testing, there were no differences in the rate of 
referral to catheterization r revascularization after stratifica- 
tion by the amount of abnormally perfused myocardium de- 
tected by nuclear scan. Both men and women with normal scan 
results were infrequently referred to subsequent catheteriza- 
tion. In the setting of severe ischemia, women were referred to 
catheterization more frequently than men. This higher rate 
appears to be clinically appropriate because women with 
severely abnormal scan results had a significantly higher event 
rate than men (17.5% vs. 6.3%, p < 0.0001). This greater risk in 
women than in men appeared to be underappreciated because 
the increased rate of hard events in women with severely 
abnormal scan results was out of proportion to the smaller 
increase in their rate of referral to cardiac catheterization. 
Although gender added information to the multivariate model 
most predictive of referral to catheterization models when 
nuclear variables were not included, when nuclear variables 
were considered, the addition of gender added no further significant 
information. This finding suggests hat adjusting for differences in
perfusion scan abnormalities by the use of nuclear testing eliminated 
the apparent gender-related referral bias. 
Conclusions. After controlling for differences in perfusion scan 
abnormalities, no gender-related referral bias to catheterization 
was present. In the setting of severe ischemia, women had a 
greater rate referral to catheterization than men. As a function of 
risk, both men and women were appropriately referred to cathe- 
terization at a low rate when the scan result was normal. However, 
because women with severe perfusion abnormalities had a greater 
rate of cardiac death and myocardial infarction than men, women 
in this high risk subgroup were underreferred to catheterization 
relative to men. This finding points to the need to better identify 
women at high cardiac risk. 
(J Am CoU Cardiol 1995;26:1457-64) 
Coronary artery disease is the leading cause of death in both 
women and men in the United States (1). Although major 
advances in the diagnosis, management and treatment of 
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coronary artery disease have improved long-term survival in 
both genders over the past 20 years, many previous tudies 
(2-15) have suggested that gender-related differences arc 
present in the clinical management of coronary artery disease. 
Several studies (2,13,14) have examined gender-related 
differences in the rate of referral to cardiac atheterization a d 
revascularization after noninvasive testing. Tobin et al. (2) 
demonstrated that men referred for exercise nuclear scans 
were 10 times more likely to undergo cardiac catheterization 
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after an abnormal scan result than women. More recently, 
Shaw et al. (13) found that after a positive exercise lectrocar- 
diographic (ECG) or nuclear test result, women with suspected 
coronary artery disease were less frequently referred to cath- 
eterization than men and had a greater frequency of events 
(cardiac death or myocardial infarction) over a 2-year 
follow-up period. However, Mark et al. (14) studied gender- 
related differences in cardiac catheterization referral rates 
after clinical evaluation and exercise testing and attributed the 
gender-related differences to a lower pre-exercise treadmill 
test (ETr) likelihood of coronary artery disease and less 
frequent positive exercise test result in women. Although 
adjusting for confounding variables has explained anumber of 
the differences, many documented discrepancies in manage- 
ment of coronary artery disease between men and women 
(4,6,10,14,15) remain unexplained. 
Importantly, no study of gender-related management dif- 
ferences to date has evaluated referral patterns after exercise 
testing with respect to the severity of the perfusion abnormality 
detected by nuclear perfusion scan, one of the most commonly 
performed types of noninvasive t sting. We hypothesized that 
because differences exist with respect o the prevalence, sever- 
ity and extent of coronary artery disease between men and 
women referred to noninvasive testing (16-18), differences in 
the amount of abnormally perfused myocardium as deter- 
mined by nuclear testing may account for gender-related 
differences in subsequent referral for catheterization. 
Methods 
Study population. We identified 3,381 consecutive patients 
who underwent exercise dual-isotope myocardial perfusion 
single-photon emission computed tomography (SPECT) at 
Cedars-Sinai Medical Center between January 1, 1991 and 
April 1, 1993. Patients who underwent pharmacologic dual- 
isotope SPECT or who had significant valvular heart disease or 
primary cardiomyopathy were not included in the study. Of this 
initial population, 160 patients were lost to follow-up, 2 were 
excluded because of technically poor studies, and 8 were 
excluded for missing data. The remaining 3,211 patients (2,137 
men, 1,074 women) who were included in the study thus 
represented 95% complete follow-up. 
Exercise test protocol. Whenever possible, beta-adrenergic 
blocking agents and calcium channel antagonists were discon- 
tinued 48 h before testing, and nitrate compounds were 
discontinued for 6 h before testing. All patients underwent 
dual-isotope myocardial perfusion imaging, as previously de- 
scribed (19). Thallium-201 (2.5 to 3.0 mCi) was injected 
intravenously at rest, with dose variation based on patient 
weight. Rest thallium-201 SPECT was begun 10 min after 
injection of the isotope. When rest thallium-201 defects were 
present, redistribution imaging was performed 18 to 24 h after 
the initial imaging without reinjection of thallium-201. Imme- 
diately after imaging, all patients performed a symptom- 
limited treadmill exercise test using standard protocols with 
12-lead ECG recording each minute of exercise and continu- 
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Figure 1. Assignment ofmyocardial regions for single-photon emis- 
sion computed tomographic images. In general, scans with multiple 
segments with stress/rest scores of 1/0 or a single segment with a stress 
score of 2 were called equivocal. Those with two segments with stress 
scores of 2 were called probably abnormal, and those with more than 
two stress egments with scores of 2 or one or more segments with 
scores of 3 were called efinitely abnormal. Reversibility ofsegmental 
scores influenced the interpretation t ward abnormal. Assignment of 
segmental scores took into account knowledge of normal segment 
variation. When fixed stress defects were considered to be secondary to 
attenuation, their score was decreased to equivocal. If apparent apical 
defects were considered likely to represent ormal apical thinning, 
they were assigned a score of 1. Similarly, defects considered tobe 
secondary to breast attenuation were assigned scores of 1. The 
observers were then made aware of the patient's clinical history and 
the results of exercise t sting and formed afinal interpretation of the 
study, which by agreement among observers could not vary by more 
than one grade from the initial (blinded) interpretation. 
ous monitoring of leads aVF, V 1 and V 5. Blood pressure was 
measured and recorded at rest, at the end of each exercise 
stage and at peak exercise. Exercise end points included 
physical exhaustion, severe angina, sustained ventricular tachy- 
cardia, hemodynamically significant supraventricular rhyth- 
mias or significant exertional hypotension. Maximal degree of 
ST segment change at 80 ms after the J point of the ECG was 
measured and assessed as upsloping, horizontal or downslop- 
ing. The ECG response to testing was categorized as 1) 
nonischemic = no significant ECG changes; 2) ischemic = 
>l-mm horizontal or downsloping ST segment depression, 
>l.5-mm upsloping ST segment depression or >l-mm ST 
segment elevation; 3) equ&ocal = borderline ECG changes; or 
4) nondiagnostic = exercise-induced ECG changes uninter- 
pretable because of digoxin use, paced rhythm or bundle 
branch block. The clinical response to exercise was also 
assessed as 1) nonischemic; 2) ischemic = anginal symptoms 
during exercise; 3) equivocal; or 4) abnormal = exertional 
hypotension or inappropriate shortness of breath. At near 
maximal exercise, 20 to 30 mCi of technetium-99m sestamibi 
was injected (actual patient dose varied with patient weight). 
Technetium-99m sestamibi SPECT imaging was begun 30 min 
after isotope injection. 
Image interpretation. Semiquantitative isual interpreta- 
tion was performed as previously described using short-, 
vertical ong- and horizontal long-axis tomograms (20). The 
short- and vertical ong-axis myocardial tomograms were di- 
vided into 20 segments for each study, as shown in Figure 1. 
Segments were scored by consensus of two experienced ob- 
servers (Fig. 1). 
Seintigraphic indexes. A summed stress score was ob- 
tained by adding the scores of the 20 segments of the stress 
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images. A summed rest score was obtained by similarly adding 
the 20 segments of the rest thallium images. The sum of the 
differences between each of the 20 segments on the stress and 
rest images was defined as the summed ifference score. Each of 
these derived variables represents both the extent and severity 
of the perfusion defects present. Whenever available, late 
redistribution thallium images were used in place of the rest 
images for purposes of scoring. Two variables---scan result and 
degree of reversibility--were derived from the variables. Scan 
results were considered 1) normal if the final scan interpreta- 
tion was normal, probably normal or equivocal and the 
summed stress core was <4; 2) mildly abnormal if the summed 
stress core was 4 to 8; and 3) severely abnormal if the summed 
stress core was >8. Degree of reversibility was categorized as 
1) normal (defined as for scan result); 2) abnormal with no 
reversibility (summed ifference score <2); 3) abnormal with 
mild reversibility (summed ifference score >1 but <5); and 4) 
abnormal with severe reversibility (summed ifference score 
>4). 
Patient follow-up. All patients were followed up for at least 
1 year (mean [_+SD] 19 _+ 5 months). Cardiac ("hard") events 
(defined as cardiac death and nonfatal myocardial infarction) 
were confirmed by review of death certificate or hospital chart 
by a physician (R.H., D.S.B., H.K.) ascertaining appropriate 
ECG and enzyme changes consistent with myocardial infarc- 
tion or evidence for cardiac death. 
Likelihood of coronary artery disease. Pre-ETr and post- 
EqT likelihoods of coronary artery disease in the study popu- 
lation were based on risk factors and nonnuclear exercise test 
variables and were calculated using CADENZA (21). Pre-ETr 
likelihood of coronary artery disease included all data available 
before the exercise test; post-ETI' likelihood of coronary 
artery disease included all data excluding the nuclear scan. For 
those patients with a past history of myocardial infarction, the 
pre-EIT and post-ETr likelihood of disease were assumed to 
be 1. 
Statistical analysis. Comparisons between patient groups 
were performed using a one-way analysis of variance for 
continuous variables and a chi-square test for categoric vari- 
ables. Continuous variables are presented as mean value _+ 
SD; p < 0.05 was considered statistically significant. The 
primary end points of the present study were catheterization 
and revascularization occurring within the first 60 days of 
nuclear testing. This temporal threshold was utilized to limit 
our study to patients referred to catheterization  the basis of 
their scan result rather than on the basis of worsening of their 
clinical status late after testing (22). 
To better assess possible gender-related differences in the 
appropriateness of referral to catheterization, wecreated an 
index to quantify the aggressiveness of clinical management 
(and subsequent intervention) on the part of the patient's 
clinician relative to the retrospectively determined actual 
cardiac risk of the patient. This index was the ratio of the total 
number of cardiac atheterizations after nuclear testing in the 
patient group to the number of events in the patient group 
(catheterization/event ratio). We hypothesized that this ratio 
Table 1. Patient Characteristics 
Men Women p 
(n = 2,137) (n = 1,074) Value 
Age (yr) 61.9 _+ 12.1 64.5 + 11.9 < 0.001 
Cardiac risk factors 
Hypertension 816 (38%) 495 (46%) < 0.001 
Diabetes meUitus 234 (11%) 140 (13%) NS 
Family history 515 (24%) 269 (25%) NS 
Cholesterol elevation 878 (41%) 513 (48%) < 0.001 
Smoking 343 (16%) 169 (16%) NS 
No risk factors 520 (24%) 204 (19%) NS 
Single risk factor 798 (38%) 366 (34%) NS 
->2 risk factors 826 (39%) 504 (47%) < 0.001 
Presenting symptoms 
Asymptomatic 908 (42%) 290 (27%) < 0.001 
Nonanginal 467 (22%) 288 (28%) < 0.001 
Atypical angina 425 (20%) 301 (27%) < 0.001 
Typical angina 288 (13%) 151 (14%) NS 
SOB 49 (2%) 44 (4%) NS 
Pre-ETT LK CAD 0.49 -- 0.36 0.43 _+ 0.35 < 0.001 
ECG uninterpretable forETI" 856 (40%) 387 (36%) < 0.04 
Hx MI 502 (23%) 154 (14%) < 0.001 
Hx PTCA 285 (13%) 67 (6%) < 0.001 
I-Ix CABG 346 (16%) 66 (6%) < 0.001 
Data presented are mean value _+ SD or number (%) of patients. CABG = 
coronary artery bypass urgery; ECG = electrocardiogram; ETI" = exercise 
treadmill test; Hx = history of; LK CAD = likelihood of coronary artery disease; 
MI = myocardial infarction; PTCA = coronary angioplasty; SOB = shortness of 
breath. 
should remain uniform in all patient groups because physician 
assessment of patient cardiac risk is a strong determinant of
the need for catheterization. 
The Cox proportional hazards regression model (BMDP, 
release 7) (23,24) was used to determine the variables most 
predictive of the occurrence of hard events. Variables entered 
into the model included pre-ETY and post-ETI" likelihoods of 
coronary artery disease, age, history of prior coronary artery 
disease, presenting symptoms, exercise duration, summed 
stress core and summed ifference score. Patients who under- 
went revascularization within 60 days of the index dual-isotope 
SPECT exercise test were censored (withdrawn alive) from 
survival analysis (22). To measure the additional incremental 
value of gender to this model, gender was considered in the 
model with the most powerful predictors forced into the model. 
A significant increase in the global chi-square of the model 
after the addition of gender would indicate added information 
regarding the occurrence hard events. In all multivariate 
analyses, the number of variables entered into the regression 
model was limited to 1 per 10 events of interest o prevent 
overfitting of the model (18). 
To determine the most powerful predictors of referral to 
catheterization within 60 days of nuclear testing, we performed 
multiple logistic regression (BMDP version 7, program LR) 
(24) using the uncensored patient cohort (n = 3,210). Global 
chi-square for each final model and the percent contribution of
each covariate to the global chi-square was determined. 
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Table 2. Exercise Characteristics 
P 
Men Women Value 
Post-ETF LK CAD 0.51 - 0.41 0.42 -+ 0.38 < 0.001 
Exercise time (min) 7.9 -+ 2.9 5.7 -+ 2.3 < 0.001 
METs achieved 10.1 _+ 3.4 7.7 _+ 2.7 < 0.001 
Peak HR (beats/min) 147 _+ 20 144 _+ 18 < 0.001 
Peak BP (mm Hg) 176 _+ 27 171 _+ 27 < 0.001 
RPP (beats/min x mm Hg) 25,948 - 5,679 24,528 _+ 5,051 < 0.001 
Exertional hypotension 4.2% (91) 3.3% (35) NS 
% Max HR achieved 92.6 -- 9.8 92.5 _+ 10.1 NS 
ECG response 
Nonischemic 42% (904) 43% (465) NS 
Ischemic 29% (628) 25% (266) NS 
Nondiagnostic 21% (440) 21% (229) NS 
Equivocal 8% (165) 11% (114) NS 
Clinical response 
Nonischemic 80% (1,704) 79% (827) NS 
Ischemic 12% (257) 11% (114) NS 
Equivocal 4% (80) 7% (66) NS 
Abnormal but nonischemic 4% (96) 3% (31) NS 
Data presented are mean value +_ SD or percent (number) of patients. BP = 
blood pressure; HR = heart rate; Max = maximal; METs = metabolic 
equivalents; RPP = rate-pressure product; other abbreviations as in Table 1. 
Resu l ts  
Patient population. The 2,137 men and 1,074 women in- 
cluded in the analysis are characterized in Table 1. In our study 
population, women were significantly older and presented with 
atypical angina more frequently than did the men, who more 
commonly presented without symptoms at the time of nuclear 
testing. The men had greater pre-ETr likelihood of coronary 
artery disease because of a greater frequency of known coro- 
nary disease (men had a more frequent history of previous 
myocardial infarction, coronary bypass or angioplasty), al- 
though women were older and more frequently had multiple 
cardiac risk factors. 
Descriptive summary information from exercise and nu- 
clear testing is presented in Tables 2 and 3, respectively. 
Table 3. Nuclear Variables 
P 
Men Women Value 
SSS 7.4 _+ 9.7 3.4 _+ 6.5 < 0.001 
SRS 2.3 _+ 5.8 0.9 + 3.5 < 0.001 
SDS 4.9 +_ 6.8 2.5 -- 4.9 < 0.001 
Nonreversible defects 0.9 - 2.1 0.4 - 1.3 < 0.001 
Reversible defects 1.9 - 2.8 0.9 -- 2.1 < 0.001 
Scan interpretation 
Normal 32% (680) 50% (541) < 0.001 
Probably normal 14% (292) 19% (201) < 0.001 
Equivocal 7% (154) 8% (85) NS 
Probably abnormal 10% (212) 6% (68) < 0.001 
Abnormal 37% (799) 17% (179) < 0.001 
Data presented are mean value --- SD or percent (number) of patients. 
SDS = summed ifference score; SRS = summed rest score; SSS = summed 
stress core. 
% 
E 
V 
E 
N 
T 
S 
4° t 30 
2O 
10 
17.5"  
1015 776 4Zl 14Z 569 120 
NL  MILD - MOD SEVERE 
ABNL ABNL 
Figure 2. Event rates as a function of scan subgroups. Women (solid 
columns) were more likely to have normal (NL) scan results; men 
(hatched columns) were more likely to have abnormal scan results. 
MILD-MOD ABNL = mildly to moderately abnormal scan results 
(summed stress core 4 to 8); SEVERE ABNL = severely abnormal 
scan results (summed stress core >8). Numbers below columns = 
number of patients in each group; numbers above columns = event 
rate over follow-up eriod. *p < 0.05. 
Women exercised for a shorter duration of time and achieved 
fewer metabolic equivalents, and their peak exercise heart rate 
and blood pressure were significantly lower than in men (Table 
2). No significant difference in clinical or ECG response to 
exercise was present between the two groups. With respect to 
nuclear variables (Table 3), men had more frequent and severe 
abnormalities on their stress and rest scans than did women. In 
summary, men had more infarction and ischemia by nuclear 
testing, the latter in part because they achieved higher exercise 
heart rates and blood pressure and performed more exercise 
than women. In a subgroup analysis, we found that the 132 
men and 36 women referred to early revascularization a d 
censored from prognostic analyses did not differ significantly 
with respect to clinical, exercise or nuclear variables. 
Outcome events. Assessment of prognosis was performed 
on the censored population (excluding patients with early 
revascularization). Among these 3,043 study patients, a total of 
93 hard events occurred during the follow-up period (35 
myocardial infarctions, 23 cardiac deaths in men; 24 myocar- 
dial infarctions, 11 cardiac deaths in women). The overall event 
rate was 2.9% for men and 3.4% for women (p = NS). 
Outcome events versus severity of hypoperfusion. Al- 
though there was no overall difference in event rates between 
men and women, there was a significant difference with respect 
to the event rate among those patients with severe hypoperfu- 
sion (summed stress score >8; men 6.3%, women 17.5%, p < 
0.0001). No such difference was present in the other summed 
stress core subgroups (Fig. 2). To exclude age as a confound- 
ing variable, we stratified the event rate in men and women 
with an summed stress score >8 by an age cutoff of 65 years. 
No difference in event rates as a function of age was found 
(Mantel-Haenszel chi-square 0.02, p = 0.88). Also, in the men 
and women with summed stress score >8, there was no 
significant difference with respect o pre-EqT likelihood of 
coronary artery disease, peak heart rate, blood pressure or 
rate-pressure product during exercise. 
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Table 4. Rates of Referral for Catheterization and Revascularization in Patient Subgroups 
Catheterization Rate Revascularization Rate 
Men Women Men Women 
Overall 10.8% (2,137) 7.1% (1,074) 6.2% (2,137) 3.7% (1,074) 
Pre-ETF LK CAD 
Low 4.6% (589) 2.3% (345) 2.0% (589) 0.6% (345) 
Intermediate 9.7% (945) 6.9% (507)* 5.9% (945) 3.2% (507) 
High 17.2% (603)t 12,6% (222)'~ 10.9% (603)t 9.5% (222)t 
Post-ETT LK CAD 
Low 3.5% (734) 2.2% (410) 1.4% (734) 0.5% (410) 
Intermediate 8.5% (612) 6.4% (404) 4,2% (612) 3,0% (404) 
High 18.3% (791)~ 13.5% (261)*'~ 12.4% (791)t 9,6% (261)* 
Scan result 
Normal 1.9% (1,020) 1.0% (777) 0.5% (1,020) 0.1% (777) 
Mildly abnormal 11.3% (450) 14.5% (150) 6.4% (450) 6.6% (150) 
Severely abnormal 23.3% (667)'~ 31.0% (147)t 14.7% (667)-~ 18.4% (147)'~ 
Severity of rev 
Normal 2.0% (1,020) 1.0% (777) 0.6% (1,020) 0.1% (777) 
Abnormal 
No rev 4.8% (104) 6.5% (31) 1.0% (104) 3.2% (31) 
Mild rev 12.3% (269) 11.2% (89) 5.9% (269) 3.4% (89) 
Severe rev 22.8% (744)'~ 30.5% (177):~ 14,9% (744)t 19.2% (177)t 
*Borderline significant intragender difference (0.05 < p < 0.10). "j'Statistically significant intragender difference. 
:[:Statistically significant intergender difference. Data presented are percent (number) of patients, rev = reversible defects 
by perfusion imaging; other abbreviations a in Table 1. 
Gender-related differences in referral to catheterization 
and revaseularization. The overall rate of catheterization 
(Table 4) was greater in men than in women (10.6% vs. 7.1%, 
p < 0.001). To further examine potential gender-related 
differences in clinical management after nuclear exercise test- 
ing, referral rates to cardiac atheterization a d revasculariza- 
tion were also stratified by pre-ETF and post-ETT likelihood 
of coronary artery disease as well as summed stress score. 
Results of these analyses are described next. 
Is there a gender-related diTference in referral to catheterization 
after stratification by coronary artery disease likelihood? The 
rate of referral to cardiac atheterization as a function of pre- 
and post-ETT likelihood of coronary artery disease is shown in 
Table 4. Men with an intermediate (0.15 to 0.85) pre-ETr and 
high post-ETT likelihood of coronary artery disease tended to 
be referred to catheterization more frequently than women 
with a similar likelihood of coronary artery disease. Although 
men tended to be referred more frequently to catheteriza- 
tion than women in all pre-ETF and post-ETI" likelihood of 
coronary artery disease groups, those differences did not reach 
statistical significance. 
Is there a gender-related difference in referral to catheterization 
after stratification by stress perfusion abnormalities? The distri- 
bution of patients in the three summed stress core categories 
differed in men and women. Of those patients who were 
referred to nuclear testing, a greater proportion of men were in 
the two abnormal summed stress core groups, whereas women 
more often had normal scan results (Table 4). When men and 
women were stratified by summed stress score, no gender- 
related ifferences were present with respect to catheterization 
referral rates in any of the three summed stress score sub- 
groups. Furthermore, this stratification revealed a similar 
increase in the rates of catheterization in both genders as a 
function of summed stress score (Table 4). There was a trend 
toward more catheterizations in women than men with a 
summed stress score >8 early after testing (men 23.3%, 
women 31.3%, p = 0.057). 
Is there a gender-related difference in referral for catheteriza- 
tion after stratification by stress perfusion reversibility? The 
distribution of patients by degree of reversible abnormality 
(normal scan results, abnormal scan results with no reversibil- 
ity, abnormal scan results with mild reversibility, abnormal 
scan results with severe reversibility) was similar in men and 
women (Table 4). In both men and women a significant 
increase in the rate of referral to catheterization was present as 
a function of the amount of reversibility present. Stratification 
into these categories revealed that women were referred to 
catheterization more frequently than men in the setting of 
severe ischemia (men 22.8%, women 30.5%, p < 0.05). 
Is there a gender-related bias in referral to revascularization ? 
The overall rate of referral to revascularization was greater in 
men than in women (Table 4). However, when assessed by 
summed stress score or reversibility subgroups, the rates of 
referral to revascularization were similar because of the 
greater frequency of abnormal scan results and reversibility in
men. The proportion of patients referred to catheterization 
who were subsequently referred to revascularization ncreased 
with worsening scan result (men 26%, 57%, 63%; women 10%, 
45%, 59%) and increasing defect reversibility (men 30%, 21%, 
48%, 65%; women 10%, 49%, 30%, 60%). 
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Is there a gender-related difference in rate of catheterization 
relative to cardiac risk? In men, the overall ratios of rate of 
referral to cardiac catheterization to rate of events (3.9) was 
similar to those of the abnormal summed stress score sub- 
groups (for 0 to 3, it was 1.9; for 4 to 8, 4.2; for >8, 4.3), 
indicating auniform rate of referral to catheterization relative 
to retrospectively determined cardiac risk. Conversely, in 
women, the overall ratio tended to be lower than that in the 
men (2.2), and the ratios in the abnormal summed stress core 
subgroups were lower than those in men (for 0 to 3, it was 1.3; 
for 4 to 8, 2.7; for >8, 2.2). These results suggest that women 
with abnormal scan results and a high risk of cardiac events 
were referred to catheterization less frequently relative to their 
risk than their male counterparts. Although women were 
referred to cardiac atheterization more frequently than men 
in the setting of severe nuclear scan abnormality, because 
women are at far greater risk than men in this setting, women 
were underreferred to catheterization relative to men in this 
high risk group. 
Multivariate analyses. The Cox proportional hazards re- 
gression model demonstrated that he summed stress core was 
the best predictor of events in the overall censored cohort 
(chi-square 98.6, p < 0.0001). After the summed stress core 
was considered, gender added significant prognostic informa- 
tion regarding events (9.1% of global chi-square was related to 
gender, p = 0.003). The results of multiple logistic regression 
analysis revealed that post-ETl" likelihood of coronary artery 
disease, the rest ECG and a history of no previous coronary 
disease constituted the most predictive model for referral to 
early catheterization when nuclear variables were not consid- 
ered (chi-square 154, p < 0.00001). When gender was added to 
this model, it added significant information. However, when 
nuclear variables were included in the model with the clinical 
and exercise variables (final scan interpretation, summed if- 
ference score; chi-square 634, p < 0.000001), gender did not 
add further information with respect o referral to cardiac 
catheterization when added to this model. 
Discuss ion  
In the present study, we observed that overall, women were 
referred to catheterization and revascularization less fre- 
quently than men after nuclear exercise testing. However, men 
and women referred for nuclear testing differed considerably 
with respect to likelihood of coronary artery disease and extent 
and severity of myocardial perfusion abnormalities. Trends 
toward gender-related differences inreferral to catheterization 
were still present after stratification by pre-ETY or post-ETT 
likelihood of coronary artery disease. After stratification by 
amount of abnormally perfused myocardium (summed stress 
score), there were no gender-related differences in the cathe- 
terization or revascularization referral rates, including very low 
catheterization rates in both men and women with abnormal 
scan results. After stratification by amount of defect reversibil- 
ity detected by the perfusion scan, the most powerful multiva- 
riate predictor of referral to catheterization, women were 
found to have a significantly greater rate of referral to cathe- 
terization than men in the setting of severe defect reversibility. 
However, this difference was dwarfed by the nearly threefold 
differences in event rates between men and women in the 
setting of severe myocardial perfusion defects (summed stress 
score >8). Because, unbeknown to their referring physician, 
women had greater isk than men in the setting of severely 
abnormal scan results, women might have been underreferred 
to catheterization relative to men in this high risk subset, as 
demonstrated by differences in the ratio of catheterizations to 
events in women and men. 
Gender bias. In 1986, Lerner and Kannel (25) from the 
Framingham Study group pointed out that despite the 10-year 
lag in age between genders with respect o mortality rates, the 
"relative health advantage that is possessed by women, how- 
ever, is buffered by a case fatality rate from coronary attacks 
that exceeds the male rate." A number of subsequent studies 
supported this gender-related disparity in myocardial infarc- 
tion survival rate and claimed additional intergender differ- 
ences in diagnostic testing and therapeutic intervention rates 
(2-15). However, other, but not all, recent studies (4,6,10,14, 
15) have tended to demonstrate hat the expected gender- 
related bias was no longer present after adjustment for other 
covariates, particularly age (in light of the older female patient 
population) and pre-ETr likelihood of coronary artery dis- 
ease. 
Comparison with previous studies. Several previous tud- 
ies have focused their attention on gender-related bias in 
referral to cardiac atheterization a d revascularization after 
noninvasive coronary artery disease assessment. Tobin et al. 
(2) in 1987 found a 10-fold difference (40% vs. 4%) in the 
referral of men and women to cardiac catheterization after 
abnormal nuclear exercise test results. Even after controlling 
for several confounding variables, a marked gender-related 
difference was present. Shaw et al. (13) recently found that 
after positive ETI" results, women were less likely to be 
referred to catheterization a d revascularization than men. 
Importantly, in that study, the event rates in women were 
greater than those in men. In a Duke University study, Mark et 
al. (14) reported a significantly lower rate of referral to 
catheterization in women than in men after exercise testing. 
However, women had a lower pre-ETr likelihood of coronary 
artery disease, as well as a lower rate of positive ET-I" results, 
and Mark et al. attributed the gender-related differences in 
catheterization rates to these differences. 
In reconciling these past studies with our own, several 
important points emerge. To assess gender-related manage- 
ment differences after noninvasive t sting, male-female differ- 
ences in pre-ETY and post-ETr likelihood of coronary artery 
disease and the magnitude of the nuclear scan abnormality 
must be considered. In our study, even after adjustment for 
pre-ETr and post-ETr likelihood of coronary artery disease, a
trend toward gender-related referral bias persisted, supporting 
the previous findings of Shaw et al. (13). However, if the 
present study is taken a step further, stratification by summed 
stress core eliminated the gender-related referral bias found 
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in the overall population. When the degree of ischemia on the 
perfusion scan was considered, women were referred to cath- 
eterization more frequently than men in the setting of severe 
ischemia. Of note, Tobin et al. (2) did not control for the 
degree of nuclear test abnormality in their report. The results 
of our current study, as well as previously published data 
(17,18), demonstrate hat men are referred to noninvasive 
testing with more advanced disease than women. Thus, cathe- 
terization and revascularization referral rates unadjusted for 
extent and severity of coronary artery disease are potentially 
misleading. 
Determinants of referral to catheterization. The results of 
myocardial perfusion scintigraphy have become an important 
determinant of referral to catheterization, as supported by the 
results of multivariate analyses in the current study. The results 
of these analyses reveal that gender is not predictive of referral 
to catheterization if uclear variables are considered simulta- 
neously. This finding suggests that gender-related differences 
in coronary artery disease prevalence and severity (consistent 
with greater frequency of previous myocardial infarction, 
angioplasty or bypass grafting in men) confound the gender- 
specific rates of referral to catheterization. Thus, adjusting for 
this confounding by the use of the results of nuclear testing 
eliminates the apparent gender-related referral bias. There- 
fore, it is important to take into account the scan findings in 
assessing ender-related differences in referral to catheteriza- 
tion. We observed that after scan findings were considered, no 
gender-related bias in referral to catheterization was present, 
and relative to the degree of scan reversibility present, women 
were referred to catheterization more frequently than men. To 
our knowledge, this is the first time that the degree and type of 
scan abnormality have been considered in such an analysis. 
A number of studies (3,15,26) have described a greater 
event rate in women than in men after myocardial infarction; 
the current study extends these findings. That women with 
severe scan abnormalities fare worse than men with similar 
scan findings uggests the appropriateness of more aggressive 
management of these women. Interestingly, the greater refer- 
ral to catheterization f these women with severely reversible 
scan results possibly reflects the fact that physicians are 
recognizing the greater risk of this patient subgroup. 
Study limitations. Patient population. Our patient popula- 
tion reflects the population referred for nuclear testing at a 
community hospital, a population similar to that characterized 
in previous tudies (2,13,14). The bias introduced by way of this 
initial referral cannot be eliminated. 
Early revascularization a d natural history of coronary artery 
disease. The natural history of coronary artery disease subse- 
quent to the initial referral for testing is complicated by the 
group that underwent early revascularization. Although it is 
impossible to determine the outcomes of these patients had 
they not undergone revascularization, several points can be 
made. 
1. The rate of revascularization was equal in men and 
women with respect o the extent of ischemia nd other risk 
factors. If the rates of events in this revascularized group 
paralleled those of the unrevascularized group, their event 
rates by summed stress core subgroup would have increased, 
but the gender-related difference would have remained un- 
changed. The event rates in the group with severely abnormal 
scan results would have been equal for the two genders only in 
the extreme case in which all 98 men with revascularization 
with summed stress core >8 had an event, whereas the event 
rate in the 27 women with revascularization paralleled that of 
the women without revascularization (event rates would then 
be 20% for men, 18% for women). 
2. Observed ifferences in event rates cannot necessarily be 
attributed to differences in clinical management and referral 
for revascularization because only a minority of patients would 
have "high risk" coronary artery disease, which can be affected 
prognostically by bypass urgery (i.e., three-vessel disease with 
poor cardiac function or left main coronary artery disease 
[27]). To claim that the significantly higher event rate in 
women with severely abnormal scan results would have been 
lowered by a more aggressive catheterization a d revascular- 
ization strategy within that subgroup, we must assume that a 
large proportion of the women in this subgroup had "high risk" 
coronary anatomy. Because all patients in this group were not 
referred to catheterization, we do not know this to be the case. 
3. The discrepancies between men and women with respect 
to event rates are similar to those previously described in 
prospective studies (3,15,26). 
Use of referral rates as an end point. We assume in the 
current study that referral to catheterization would suggest 
that the referring physician had a strong clinical suspicion of 
the presence of severe coronary artery disease. A number of 
previous studies (7,8,10,13,14) have used this end point in a 
similar manner. The results of our study are consistent with 
this referral pattern--the increase in catheterization a d re- 
vascularization referral rates in men and women are propor- 
tional to the extent and severity of abnormally perfused 
myocardium (summed stress score). The parallel increase 
between hard event rates and rates of referral to catheteriza- 
tion suggests that this referral pattern is appropriate. 
Conclusions. Our study reveals that although men had 
higher ates of cardiac atheterization after noninvasive test- 
ing, men and women were referred to cardiac atheterization 
at a similar rate relative to the severity of the abnormality on 
their perfusion scan, and, as a function of ischemia, women are 
referred more frequently than men. In patients with severely 
abnormal scan results, women had a higher event rate than 
men over the 19-month follow-up period, suggesting that in the 
setting of advanced coronary artery disease, women fare worse 
than men. It is possible that physicians systematically misesti- 
mated the risk of adverse vents in the female population-- 
men and women were similarly referred to catheterization 
the basis of their scan result, although women with severe 
ischemia, unbeknown to their referring physician, were at 
markedly higher isk of adverse vents than men. The present 
study reinforces and emphasizes the need for further investi- 
gation of methods to identify women at high risk of subsequent 
cardiac death or myocardial infarction. 
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